. In RA-SFBs, low constitutive H19 RNA expression in culture (10% fetal calf serum) was strongly increased on starvation (3.5-fold, 1% fetal calf serum), with or without the addition of interleukin-1␤ (10 to 100 U/ml), tumor necrosis factor-␣ (1 to 25 ng/ml), or platelet-derived growth factor-BB (2.5 to 10 U/ml). In OA-SFBs, this starvation-induced increase was lower (twofold), reaching significant differences compared with RA-SFBs after stimulation with interleukin-1␤ and platelet-derived growth factor-BB. In both RAand OA-SFBs, the MAP-kinase ERK-1/2 pathway and the phosphatidylinositol-3 kinase pathway influenced H19 RNA expression, as shown by inhibitor studies. Significant overexpression of H19 RNA and its increased sensitivity to starvation/cytokine regulation in RA suggests a pathogenetic role of this oncofe- 
The hyperplastic synovial tissue (ST) in rheumatoid arthritis (RA) displays several features of a semitransformed tissue, [1] [2] [3] such as invasive growth into cartilage and bone, expression of proto-oncogenes and IGF-2, and mutations of the tumor suppressor gene p53. 4 It is presently unclear whether these alterations are because of endogenous genetic alterations (eg, mutations of key regulatory genes) 5, 6 or to exogenous alterations induced by (pro)-inflammatory cytokines or oxidative stress. 7, 8 The oncofetal H19 gene belongs to a special subgroup of imprinted genes coding for untranslated RNA molecules; 9 -11 these genes act as functional RNA rather than protein and their role in physiology/pathophysiology is incompletely understood. However, high expression in fetal tissues, 11 as well as high evolutionary conservation of its exon sequences 12 and its possible secondary structure, 13 are indicative of a biological function of H19 RNA.
H19 RNA is abundantly expressed in embryonal tissue of endodermal and mesodermal origin 14 and is repressed after birth in all tissues except skeletal muscle. 15 Re-expression only occurs in a number of different tumors, 14, 16, 17 including testicular germ cell tumors and bladder carcinoma. 18 In the latter case, H19 RNA expression appears to reflect the degree of invasiveness. 18 Therefore, H19 RNA has been proposed as a tumor marker or a marker of embryonal dedifferentiation of adult tissues.
On the other hand, H19 RNA expression is suppressed in fibrosarcoma, 19 rhabdomyosarcoma with embryonal histology, 20 Wilms' tumor, 21 and hormonally active adrenocortical carcinoma, 22 and is variably increased/decreased in breast tumor, 23 in the latter case under the influence of modulation by steroids. 24 Together with the capacity of H19 RNA to inhibit proliferation, clonogenic-ity, and tumorigenicity on transfection of tumor cell lines, 13, 25 these findings suggest that H19 RNA may exhibit tumor-suppressor activity.
Very recently, the potential physiological role of H19 has been defined in more detail. 26 -28 Using H19-transfected breast cancer cells, cancerous mammary epithelial cells, or the human bladder carcinoma cell line T24P, a number of H19-regulated target genes have been identified, including thioredoxin (a key protein of cellular redox metabolism), 28 MAP-kinase kinase 1 (MKK1), nuclear factor-B, c-jun N-terminal kinase 2 (JNK2), tumor necrosis factor (TNF)-␣, and interleukin (IL)-6. 26 Because a similar pattern of genes is up-regulated during oxidative stress/ hypoxia, and because H19 RNA expression is induced by growth arrest, for example in confluent cell cultures or on serum starvation, 29 H19 may therefore be an indicator of physiological/pathological stress situations.
To verify whether H19 RNA is expressed in RA and bears any specificity for this disease, transcription of H19 RNA was comparatively analyzed in RA-ST and ST from osteoarthritis (OA), reactive arthritis (ReA), and normals/ joint trauma (N/JT).
Materials and Methods

Patient Population
ST specimens from patients with RA (n ϭ 26), OA (n ϭ 25), or ReA (n ϭ 2) were obtained during synovectomy or joint replacement surgery from the Immanuel-Krankenhaus (Berlin, Germany) and from the Clinic of Orthopedics [Eisenberg, Friedrich Schiller University (FSU) Jena, Germany] under approval of the responsible ethics committees (Table 1 
Cell Culture and Cytokine/Growth Factor Stimulation
Isolation of primary culture synovial fibroblasts (SFBs) and M was performed as described, 32 resulting in strong enrichment of SFBs (contamination of Ͻ2% leukocytes or endothelial cells) and synovial M [95% purity as assessed by fluorescence-activated cell sorting analysis with anti-CD14 monoclonal antibodies (mAbs)]. Earlypassage SFBs (second passage) obtained from two RA patients were either grown in complete Dulbecco's modified Eagle's medium (12.5 mmol/L HEPES, 100 U/ml penicillin, 100 g/ml streptomycin, 2.5 ng/ml amphotericin B; Gibco-BRL, Eggenstein, Germany) supplemented with 10% fetal calf serum (FCS), or serum-starved (1% FCS) for 72 hours and subsequently either left in 1% FCS or stimulated for 24 hours with 10, 50, and 100 U/ml IL-1␤ (Genzyme, Rü sselsheim, Germany), 2.5, 5, and 10 U/ml platelet-derived growth factor-BB (PDGF-BB) (R&D Systems, Wiesbaden, Germany) or 1, 10, and 25 ng/ml Abbreviations are defined as follows: yrs, years; Disease dur., disease duration; RF, rheumatoid factor; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein, *, normal range Ͻ5 mg/l; ARA, American Rheumatism Association (now American College of Rheumatology); Ϫ, negative; n.d., not determined; RA, rheumatoid arthritis; OA, osteoarthritis; AS, ankylosing spondylitis; PsA, psoriatic arthritis; JRA, juvenile rheumatoid arthritis; SLE, systemic lupus erythematodes; VNS, villonodular synovitis; UA, undifferentiated monoarthritis; MTX, Methotrexate; Prednis., prednisolone; NSAIDs, nonsteroidal anti-inflammatory drugs; Sulfas., sulfasalazine; Chlor., chloroquine.
TNF-␣ (Chemicon, Hofheim, Germany). Inhibitors of the ERK1/2 pathway (U0126, 1 mol/L; Alexis, Grü nberg, Germany); 33 and the phosphatidylinositol-3 kinase pathway (Wortmannin, 1 mol/L; Alexis); 34 were used in the cases of stimulation with either IL-1␤ or PDGF-BB. For this purpose, SFBs were preincubated with the inhibitors for 30 minutes at 37°C in complete medium supplemented with 10% FCS. Subsequently, the cytokines/ growth factors were added for 24 hours without further change of medium. The cells were then lysed in RNA lysis buffer (4 mol/L GuSCN) supplemented with mercaptoethanol (7 l/ml).
Purification of RNA, Reverse Transcription, and RT-PCR
Total cellular RNA was extracted from 2 to 3 g of ST or cultured synovial M or SFBs (0.5 to 2 ϫ 10 6 cells) according to Chirgwin and colleagues. 35 In the case of ST, total RNA was purified using a commercially available RNA extraction kit (RNeasy mini kit; Qiagen, Hilden, Germany). In the case of synovial cells, RNA was isolated with the NucleoSpin RNA kit (Macherey-Nagel, Dü ren, Germany). In both cases, between 2 and 5 g of total RNA were primed with oligo(d)T and reverse-transcribed with SuperScript-II reverse transcriptase according to the manufacturer's instructions (Gibco-BRL).
The transcription level of H19 RNA expression was quantified by 32 to 40 cycles of RT-PCR (downstream primer: CCTCATCAGCCCAACATCAA; upstream primer: GGCCGTCT CCACAACTCCAA; resulting fragment length, 313 bp), denaturation at 93°C for 1 minute, followed by annealing at 59°C for 1 minute and extension at 72°C for 35 seconds. To normalize the samples for equal amounts of cDNA, the housekeeping gene glycerol-3-aldehyde phosphatase (GADPH) (downstream primer: GTCGTTGAGGGCAATGCC; upstream primer: GGT-CATC CATGACAACTTTG; resulting fragment length, 428 bp) was used as an internal standard (conditions: denaturation at 93°C for 1 minute, followed by annealing at 62°C for 1 minute and extension at 72°C for 45 seconds; total of 28 to 32 cycles). Alternatively, the housekeeping gene ␤-actin (downstream primer: gtgcgacgaagacgagacc; upstream primer: cagagccg agacaccacg; resulting fragment length, 230 bp) was used as an internal standard (conditions: initial denaturation at 93°C for 3 minutes, followed by a total of 28 to 34 cycles; denaturation at 93°C for 45 seconds, annealing at 62°C for 45 seconds, and extension at 72°C for 30 seconds).
Amplified products were separated and visualized in a 1% agarose gel containing 0.1 g/ml of ethidium bromide at 280 nm. The intensity of each band was analyzed using an integration image software (Scion Corp., Frederick, MD).
Cloning of PCR Fragments and Nucleic Acid Sequencing
The 313-bp cDNA fragment specific for H19 RNA, transcribed and amplified from RA-ST using the above-mentioned primer pair, was inserted into the pCR-TOP-2.1 vector (Invitrogen, Leek, The Netherlands) by T/A cloning according to the manufacturer's instructions. The sequence and orientation of the insert was verified by cycle sequencing using an automated laser fluorescence sequencer (A.L.F.; Pharmacia-Biotech, Uppsala, Sweden) using fluorescein-labeled M13 ϩ 40 and M13 reverse standard primers (data not shown).
In Vitro Transcription of the H19 Riboprobe and in Situ Hybridization
After linearization of the pCR-TOPO-2.1 vector harboring the H19 insert (5 g/25 l; gene bank accession no. AF125183; position 2896 to 3209) with 10 U XbaI and BamHI (Gibco-BRL) for 1.5 hours at 37°C, in vitro transcription for sense and anti-sense digoxigenin-labeled probes was performed using SP6 (New England Biolabs, Bad Homburg, Germany) and T7 RNA polymerase (Stratagene, Heidelberg, Germany) according to the manufacturer's instructions.
In situ hybridization was performed as published 36, 37 with modifications. Briefly, 6-m cryostat ST sections were fixed in 3% paraformaldehyde for 1 hour at room temperature and subsequently washed twice each for 5 minutes at room temperature with: 2ϫ standard saline citrate (SSC) (1ϫ SSC: 150 mmol/L NaCl, 15 mmol/L Na-citrate, pH 7.0)/diethyl pyrocarbonate; and 0.1 mol/L triethanolamine-HCl (pH 8.0). After acetylation of the sections for 30 minutes at room temperature with 0.25% acetic anhydride in 0.1 mol/L triethanolamine-HCl (pH 8.0), the sections were again washed twice in 0.1 mol/L triethanolamine-HCl (pH 8.0), prehybridized for 1 hour at room temperature with hybridization buffer containing 50% formamide, 1ϫ Denhardt's solution, 20% dextran sulfate (in 8ϫ SSC), 500 g/ml salmon sperm (Gibco-BRL), and 250 g/ml yeast tRNA (Sigma), and subsequently hybridized with sense or anti-sense digoxigeninlabeled riboprobes (semiquantification by ethidium bromide/agarose gel electrophoresis) in hybridization buffer for 16 hours at 50°C. To exclude that negative results were because of mRNA degradation, sense and anti-sense riboprobes for the constitutively expressed housekeeping gene GAPDH (kindly provided by P. Ruschpler, Institute of Pathology, University of Leipzig, Leipzig, Germany) were applied, with the anti-sense probe yielding positive results in all cases (identical conditions for in situ hybridization; data not shown). After hybridization, washing steps with decreasing stringency were performed at 50°C using the following protocol: 50% formamide/1ϫ SSC (5 minutes), 1ϫ SSC plus 0.1% sodium dodecyl sulfate (15 minutes), 0.25ϫ SSC plus 0.1% sodium dodecyl sulfate (15 minutes), 0.1ϫ SSC plus 0.1% sodium dodecyl sulfate (15 minutes). For detection of the probes, an anti-digoxigenin alkaline phosphatase-conjugated Fab fragment (diluted 1: 500 with 100 mmol/L Tris-HCl, 150 mmol/L NaCl containing 1% horse serum; pH 7.5; Boehringer, Mannheim, Germany) was added for 1 hour at 20°C. After repeated washing steps with 100 mmol/L Tris-NaCl, 150 mmol/L NaCl (pH 7.5), and 100 mmol/L Tris-NaCl/MgCl 2 (pH 9.5), staining was performed with 100 mmol/L Tris-NaCl/NaCl, 50 mmol/L MgCl 2 staining buffer containing 0.2% (w/v) 5-bromo-4-chloro-3-indolyl-phosphate, 0.22% (w/v) 4-nitro blue tetrazolium chloride, and 1 mmol/L levamisole to block endogenous alkaline phosphatase (Sigma).
Immunohistochemical (IHC) Double Staining
To characterize H19 RNA-expressing cells, either double staining with an anti-CD68 monoclonal antibody (peroxidase technique, mAb PG-M1; DAKO, Hamburg, Germany) was performed after completion of in situ hybridization for H19 RNA or single staining with an anti-prolyl-4-hydroxylase mAb (alkaline phosphatase technique, mAb 3-2B12; DAKO) was used in serial sections.
In both cases, all incubations were performed at 20°C in a humid chamber. For double staining, sections were incubated with 0.03% H 2 O 2 /PBS (PBS: phosphate-buffered saline; 137 mmol/L NaCl, 2.68 mmol/L KCl, 8.1 mmol/L Na 2 HPO 4 , 1.76 mmol/L KH 2 PO 4 , pH 7.4) for 20 minutes to inactivate endogenous peroxidase followed by a blocking step for 20 minutes with 5% horse serum/ PBS. The anti-CD68 mAb, diluted 1:10 in PBS/5% horse serum, was added for 45 minutes. For detection, a peroxidase-coupled rabbit anti-mouse antibody (1:30 dilution in PBS/5% horse serum; DAKO) was added for 45 minutes. The peroxidase was revealed using diaminobenzidine (0.7 mg/ml in 60 mmol/L Tris-HCl buffer, pH 7.5; Sigma).
For single staining of prolyl-4-hydroxylase, serial sections were fixed with acetone for 10 minutes at 20°C and air-dried. Then the specific antibody, diluted in PBS/5% horse serum, was added for 30 minutes. For detection, sections were incubated with an alkaline phosphatasecoupled goat anti-mouse antibody (DAKO) for 50 minutes (1:30 in buffer-1 containing 100 mmol/L Tris-HCl, pH 7.4, 150 mmol/L NaCl, and 1% horse serum). The alkaline phosphatase was revealed in buffer containing 100 mmol/L Tris-HCl buffer (pH 9.5), 100 mmol/L NaCl, 50 mmol/L MgCl 2 , 1.0 mg/ml FAST-Red TR, and 0.4 mg/ml Naphtol AS-MX (Sigma). Endogenous alkaline phosphatase was blocked with 0.15 mg/ml levamisole (Sigma). Sections were counterstained with hematoxylin. For single staining of CD68, the peroxidase technique was used as above except that the incubation with the anti-CD68 mAb was performed for 30 minutes only.
Statistical Analysis
Data were analyzed by the multigroup Kruskal-Wallis test, the nonparametric Mann-Whitney U-test, and, in the case of paired synovial M and SFBs, the Wilcoxon test (P Ͻ 0.05; SPSS 9.0; SPSS Inc., Chicago, IL). As postmortem samples showed no indication for mRNA degradation [ie, no statistically significant differences were observed by Mann-Whitney U-test between the expression of c-jun, junB, junD, and (short-lived) c-fos in joint trauma and postmortem samples; data not shown], results from joint trauma and normal, postmortem samples were pooled as normal, noninflammatory controls. Correlations were assessed using Spearman's rank correlation. 
Results
RT-PCR of H19 RNA in ST
Whereas GAPDH showed comparable mRNA levels in all RA-ST, H19 RNA expression was highly variable, with clear positivity in 11 of 11 samples and strong expression in 6 of 11 samples ( Figure 1A) . In OA-ST, expression of H19 RNA was generally weaker than in RA-ST, with 7 of 10 weakly positive samples ( Figure 1A) . In controls, ie, ReA (n ϭ 2) and N/JT (n ϭ 8), H19 RNA was weakly expressed in all samples ( Figure 1A) .
Image analysis quantification and normalization to GAPDH expression resulted in significantly higher H19 RNA expression in RA-ST (n ϭ 23) versus N/JT-ST (n ϭ 14, P ϭ 0.000). However, H19 RNA expression in OA-ST (n ϭ 21) was also significantly higher than in N/JT-ST (P ϭ 0.01, Figure 1B) . No significant differences were observed among the other groups. There was a weak correlation between the expression level of H19 in the SM and rheumatoid factor positivity in patients with RA, OA, and ReA (r ϭ 0.316, P ϭ 0.036, n ϭ 44). No correlations with other clinical parameters were observed.
Detection of H19 RNA Expression in RA-, OA-, and Normal/JT-ST by in Situ Hybridization
Regional distribution/cellular sources of H19 RNA expression in ST were assessed by in situ hybridization, either separately or in combination with IHC for the fibroblast marker prolyl-4-hydroxylase and the M marker CD68 (mAb PG-M1).
In Situ Hybridization and Double-in Situ Hybridization/IHC
Although the sense-probe for H19 RNA did not bind to RA-ST ( Figure 2A ) and OA-ST (Figure 2B ), the anti-sense probe showed a positive reaction in lining layer, diffuse infiltrates, stroma, and endothelial cells of OA-ST ( Figure  2C ) and RA-ST ( Figure 2E ). Using double-in situ hybridization/IHC, H19 RNA was detected in both CD68-positive M and CD68-negative cells of OA-ST ( Figure 2D ). In serial sections, H19 expression in RA-ST could be assigned to prolyl-4-hydroxylase-positive SFBs (Figure 2 , F and G). In double-in situ hybridization/IHC, ϳ50% of the CD68-positive M in lining layer and diffuse infiltrates also showed a positive reaction for H19 RNA ( 
Semiquantification of H19 RNA Expression in ST by in Situ Hybridization
H19 RNA Expression in RA-ST
Strong signals for H19 RNA were obtained in all RA synovial specimens (n ϭ 8, Figure 3 ). In the lining layer, ϳ90% of the cells showed a positive signal, with 73% showing a strong signal. In diffuse infiltrates and stroma regions, a total of 85% expressed H19 RNA, with approximately equal proportions of weakly and strongly positive cells. In lymphoid aggregates (only present in three of eight samples), only ϳ20% of the cells were weakly or strongly positive, comparable to the situation in endothelial cells (Figure 3 ).
H19 RNA Expression in OA-ST
The H19 RNA expression in OA-ST (n ϭ 5) was generally comparable to that in RA-ST. Differences between RA and OA were restricted to the lining layer, in which RA-ST contained a significantly higher percentage of strongly positive cells (73% versus 36%) and conse- 
RT-PCR of H19 RNA in Isolated SFBs and Macrophages
H19-RNA was detected by RT-PCR in paired SFBs and synovial M isolated from primary culture synovial cells of three RA patients ( Figure 4A ), resulting in numerically higher H19 RNA expression in synovial M than in SFBs (2.2-fold versus 0.9-fold in comparison with the expression of GAPDH; not significant; Figure 4B ). This analysis confirmed the double-in situ hybridization/IHC result that H19 RNA is expressed in both RA synovial M and RA-SFBs.
Regulation of H19 RNA Expression in RA SFBs on Starvation and Stimulation with IL-1␤, PDGF-BB, and TNF-␣
SFBs from one RA patient ( Figure 5A ) and SFBs from a total of four representative RA patients ( Figure 5B ) showed low constitutive expression of H19 RNA on culture in medium containing 10% FCS. H19 RNA expression was strongly induced by starving the cells for 96 hours (1% FCS, on average 4.5-fold), either with or without stimulation with IL-1␤, PDGF-BB, and TNF-␣ ( Figure  5, A and B) . In comparison to OA-SFBs, this induction was significantly (or borderline significantly) stronger after stimulation of RA-SFBs with 1% FCS, 100 or 50 U/ml of IL-1␤, as well as 10 or 5 U/ml of PDGF-BB ( Figure 5B ).
In both RA-SFBs ( Figure 6 , A and B) and OA-SFBs ( Figure 6B ), the MAP-kinases ERK-1/2 and the phosphatidylinositol-3 kinase significantly influenced H19 RNA expression after IL-1␤ or PDGF-BB stimulation, as shown by inhibitor studies with U0126 and Wortmannin, respectively.
Discussion
H19 RNA is variably, but strongly, expressed in RA-ST, with significantly higher levels than in N/JT-ST (P ϭ 0.000), and numerically higher levels than in OA-ST and ReA-ST. In addition, the percentage of strongly H19-positive cells in the lining layer of RA-ST is significantly higher than that in OA-and N/JT-ST. This shows that H19 RNA is expressed in chronically inflamed ST, with some specificity for RA, providing one of the first reports on H19 expression in chronic, nontumoral disease. Specificity appears to be quantitative and not qualitative because H19 RNA is also expressed in inflammatory controls (OA, ReA) and even in normal ST. Although the physiological/ pathophysiological role of H19 RNA remains elusive, 11 high expression in RA raises several considerations.
H19 RNA is abundantly expressed in embryonal tissue 38 and is therefore considered an indicator of embryonal dedifferentiation of adult tissue. Such dedifferentiation may also occur in RA-ST, a hypothesis supported by other fetal features, for example expression of embryonic growth factors of the wingless and frizzled families 39 and presence of mesenchymal stem cells.
40
H19 RNA is considered to be a tumor marker, because it is repressed after birth in all tissues except skeletal muscle, 15 and only re-expressed in a number of different tumors. 11 Although the hyperplastic RA-ST displays some features of a semitransformed tissue, 1-3 the expression of H19 RNA in OA and ReA (two unquestionably nonmalignant diseases) excludes that H19 RNA expression can be taken as a marker of malignancy in RA. By extension, the expression of H19 RNA not only in tumors but also in chronic inflammatory diseases questions the validity of this RNA species as a pure tumor marker.
Further support for this view derives from the finding that H19 expression is also increased in atherosclerotic plaque cells. 41 Because atherosclerosis is increasingly regarded as a chronic inflammatory disease based on the correlation of high CRP values with the grade of the disease and the local overproduction of chemoattractants, chemokines, and nitric oxide, 42 H19 RNA overexpression in atherosclerotic plaques may be partially driven by local proinflammatory mediators. In the case of RA, a contribution of the inflammatory status to the expression of H19 was indeed indicated by a correlation between H19 expression in the SM and rheumatoid factor positivity in patients with RA, OA, and ReA.
H19 RNA possibly exerts tumor-suppressor activity, because it is capable of inhibiting proliferation, clonogenicity, and tumorigenicity on transfection of cell lines 13, 25 and because it is down-regulated in several tumors. 19, [21] [22] [23] [24] Up-regulation of H19 RNA expression in RA-ST may therefore reflect increased tumor-suppressor activity. Indeed, other tumor-suppressor factors are expressed in RA-ST, for example PTEN, 43 and p53. 44 However, PTEN is expressed at very low levels in RA-ST and p53 contains dominant-negative mutations, 4,45-47 rather suggesting a lack of tumor suppression. Because the H19 TATA-less promoter is efficiently repressed by wildtype p53, 48 such dominant-negative mutations of P53 may even directly contribute to increased H19 RNA expression in RA-ST. Clarification of the role of H19 RNA in RA awaits functional studies in transfected synovial cells and mutation analysis in ST.
H19 RNA expression is increased on stress induced by serum starvation ( Figure 5) ; 26 its up-regulation in RA-ST may therefore mimic inflammatory/oxidative stress. Indeed, major pathological stress factors, including heat stress, shear stress, cytokine stress, and/or oxidative stress likely contribute to joint inflammation in RA. 7 In addition, an elevated H19 RNA expression is frequent in drug-resistant tumor cells after toxic influence 49 and in U937 cells exposed to concentrations of methotrexate (MTX) used for tumor therapy (data not shown). In the present study, however, there was no statistical indication for an influence of MTX treatment on the expression of H19 RNA in RA-ST; also, the potential contribution of other forms of stress to H19 RNA expression remains to be assessed.
H19 RNA expression was demonstrated in synovial M and SFBs (Figures 2 and 4) , both strongly activated in RA, [1] [2] [3] 50, 51 raising the possibility that H19 RNA expression is a sign of cell activation. In RA-and OA-SFBs, this possibility was addressed by in vitro serum starvation (1% FCS) and subsequent stimulation with IL-1␤, PDGF-BB, or TNF-␣. Serum starvation strongly induced H19 RNA expression, in agreement with previous studies. 29 Interestingly, RA-SFBs showed a significantly (or borderline significantly) higher induction of H19 expression than OA-SFBs after serum starvation with or without the addition of IL-1␤ and PDGF-BB ( Figure 5 ), indicating that RA-SFBs may be intrinsically more susceptible to inflammatory/oxidative stress. On the other hand, no significant differences were observed in either RA-or OA-SFBs among groups subjected to serum starvation alone or including the addition of the above cytokines/growth factors. Therefore, an influence of the inflammatory micromilieu in RA-ST on the H19 RNA expression in SFBs is unlikely, although recent studies have demonstrated the regulation of H19 expression by hepatocyte growth factor in epithelial cells 52 or by interferon-␣ in melanoma cells. 53 In both RA-and OA-SFBs, the H19 expression in serum-starved and IL-1␤-or PDGF-stimulated cells was significantly altered by inhibitors of the MAP-kinases ERK-1/2 and the phosphatidylinositol-3 kinase (Figure 6 ). This is in agreement with the inhibition of hepatocyte growth factor-induced H19 expression by MAP-kinase inhibitors in epithelial cells 52 and underlines the importance of these two signal transduction pathways for H19 promoter transactivation.
Regarding possible functional consequences of H19 overexpression in RA-ST, recent studies have shown upregulation of thioredoxin, MAP-kinase kinase 1 (MKK1), nuclear factor-B, c-jun N-terminal kinase 2 (JNK2), TNF-␣, and IL-6 in H19-transfected cells. 26, 28 Also in the present study, the expression of H19 RNA in RA-and OA-SFBs showed a highly significant correlation with the mRNA expression for TIMP-2 in the same cells (r ϭ 0.893; P ϭ 0.007; n ϭ 7), suggesting that the level of H19 expression in SFBs may influence the balance between tissue-degrading matrix metalloproteinases and their inhibitors.
Methylation of CpG islands in promoter regions is a common mechanism for the inactivation of imprinted genes (such as H19 and IGF-2), oncogenes, and protooncogenes. 54, 55 Recent studies indicate that hypomethylation of such regions can lead to enhanced expression of c-myc and c-myb proteins. 56, 57 Because DNA hypomethylation has been reported in peripheral blood and ST from patients with RA or SLE, 58, 59 this mechanism could also contribute to the observed increase in H19 RNA expression. 60, 61 In summary, significant overexpression of H19 RNA and its significantly increased sensitivity to starvation/ cytokine regulation suggests a pathogenetic role of this oncofetal gene in RA, possibly reflecting embryonal dedifferentiation of the adult ST and/or ongoing inflammatory/ oxidative stress.
